A simulation study was carried out to compare the use of single and composite milk samples for the evaluation of milk composition in dairy cattle. The genetic correlation between the two sampling methods was estimated. Results showed a high genetic correlation between the breeding values arrived from composite and single samples. This indicates that the same genes are possibly responsible for both traits, which makes it possible to use a single sample, instead of a composite sample, in predicting breeding values.
Introduction
Milk recording entails measuring daily milk yield and composition. These measurements are used for herd management decisions as well as cow and sire evaluations in order to determine their genetic merit. It was first implemented in South Africa in 1917 by the then Friesian Breed Society and subsequently taken over by the State in 1919 (Grobler & Loubser, 1983) . The Milk Recording Scheme was managed entirely by the State and included on-farm tests to check that participants followed the correct sampling procedure. During 1975 it was decided to simplify the Scheme and allow farmers to participate more actively in the collection of multiple samples (morning and evening) which were sent to a central laboratory and analysed. Some errors did occur in the collection of the samples, but these were compensated for by what was thought to be a more accurate method of analysing in a central laboratory (Annual Report -ARC, 1996) .
To make milk recording more user-friendly and cost effective the Management Committee of the Dairy Cattle Performance Testing Scheme replaced composite sampling with a single sample in 1995. The implementation of the new Scheme was based on the fact that there were practically no differences between the averages of two test years, the first year based on composite samples, the second year on single samples (National Dairy Cattle Performance Testing Scheme: South Africa's Annual Report, 1996) . This comparison was, however, not scientifically validated since there was no data available to make a scientific evaluation and compare the differences. In order to compare the two sampling methods, both samples should be taken at the same time of the day. This clearly points to the problem of data collection, which can benefit from a single sampling procedure. A detailed description of the current milk-recording scheme in South Africa was reported by De Waal & Heydenrych (2001) and Loubser (2001) .
Total production in a 305-day lactation, as measured by the Milk Recording Scheme, is traditionally the trait under consideration when calculating breeding values. Using only single, either morning or afternoon, samples in the calculating of total 305-day production is clearly a different trait from actual total production. This raises the question whether the latter can be used in predicting breeding values for the first trait.
A simulation approach was followed to investigate this problem since no real data was available. The simulation is motivated also by factors such as comparisons between true and predicted genetic components, removal of artificial effects caused by non compliance to underlying assumptions such as selection, etc.
Several authors have investigated this problem. Most of them followed an approach in which 305-day yields were estimated from single milkings (Hargrove, 1994; Palmer et al., 1994; Cassandro et al., 1995; Schaeffer & Jamrozik, 1996; Liu et al., 2000) . The approach in this study was slightly different in that the effect of predicting breeding values directly from single milkings was considered. It was not the intention of the study to investigate the effect of alternating morning and evening (Am-Pm) milk recording procedures which seem to be the current preferred method of choice (Averdunk et al., 1998; Liu et al., 2000) . Bias from taking only morning or afternoon samples can be reduced by alternating between morning and afternoon, therefore, benefiting any single milking procedure (Everett & Wadel, 1969; Delorenzo & Wiggans, 1986; Wangler et al., 1996; Aumann & Duda, 1997) . 
Materials and methods
To obtain information on the advantage and accuracy of having a composite, instead of a single sample, records are needed. Suitable records are scarce since the collection is extremely time consuming and costly. De Waal & Heydenrich (2001) investigated the influence of sample frequency during milk recording on the reliability of performance testing in dairy cows. Single and composite samples were taken in four herds. A single sample was taken in the morning and evening at the same time as the two samples comprising the composite sample. Records were obtained for 236 cows. These observed differences between the single and composite samples were used in simulating random differences, which were then used to simulate single milkings from simulated composite samples. The composite samples were simulated as described by Van Dyk et al. (2001) . A simple realistic herd was simulated with a pedigree structure, animal replacement policy, selection procedures, etc. Composite fat yield was simulated using the model:
where f i represents the fixed effect at level i, a ij represents the random genetic component animal j fixed effect i, e ij represents the random error component, y ij represents butterfat.
The random genetic component (a ij ) and the error component (e ij ) are normally distributed with mean zero, variances σ a 2 and σ e 2 respectively. The genetic and error components were statistically independent. The values for the variance components, σ a 2 = 293 and σ e 2 = 534, were obtained from du Toit et al. (1998) . This implies a realistic heritability estimate of 0.35.
Adding a random difference (as indicated above) to the composite sample simulated single samples, thus:
With the terms as defined above and d ij the random selected difference from the empirical distribution of differences. The random difference is assumed independent from all other random components. Multiple trait analyses were done using REML (Gillmore et al., 1999) procedures for all 25 simulation rounds to determine the (co)variance components and subsequent genetic correlation estimates between the single and composite samples.
Results and discussion
Tables 1 and 2 present the true fixed effect levels, mean estimated fixed effect levels as well as the 99% confidence interval for the true fixed effect levels. The estimates were for the 25 simulation rounds and for single and composite samples.
In the first four years an underestimation of the fixed effect in both traits occurred. No selection took place during this period and all animals were retained. After this period (year 5-20) an overestimation of the fixed effects occurred. This could be ascribed to the selection that took place during that period (Van Dyk et al., 2001) and not to the sampling method. It is interesting to note that there is virtually no difference between the estimated fixed effect levels of the two traits.
The error and total variance in the composite samples were higher than those obtained in the single samples. However, there was virtually no difference in the additive variance of the different sampling methods. The decrease in the error and total variance in the single sampling method could be a result of the simulation process. The error variance in the single sampling was underestimated and overestimated in the composite sample compared to the value used in the simulation process. The additive variance was totally underestimated in both cases. This could be attributed to the selection that took place in the population (Van Dyk et al., 2001) .
The heritability estimate of the single sample is slightly higher than that of the composite sample. It is still, however, much lower than the simulated value. This could again be attributed to the selection in the population (Van Dyk et al., 2001) . It should be noted that the true breeding value of an animal was used as basis for the simulation of the single and composite sample and this will explain the similarity of the additive Variance component estimates for the single and composite samples are presented in Table 3 . The heritability estimate of the two sampling methods as well as the genetic correlation estimates between the two methods are presented in Table 4 .
Conclusion
The results from this study showed that a near perfect positive genetic correlation exists between the single and composite samples. This indicates that the same genes are possibly responsible for both the single and composite samples and could, therefore, be considered to be the same trait. This study indicated the possibility of using single samples instead of composite samples in calculating breeding values for dairy cattle. Further research, using real data, is still required. The possibility of using an alternating sampling procedure should also be investigated.
The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html 
